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Cystine binds to xCT in a cavity deep within the center of the 
transporter, supporting an alternating access model for transport
Previous Results:  The effect of chloride on cystine transport and the 
affinity of cystine for the transporter are affected by changes in pH
Previous Results:  Cystine and Glutamate 
Transport by System xc– is pH dependent
Use of Site-Directed Mutagenesis to Probe the Cystine Binding Site within System xc-
Kevin Catalfano and Leah A. Chase
Department of Biochemistry, Hope College, Holland, MI 49423
Background
Conclusions
• The Chase lab studies System xc-, which is a heterodimeric transporter 
• The heterodimer has two subunits; 4F2HC and xCT.  xCT performs the transport 
function and 4F2HC likely stabilizes the structure
• System xc- is an obligate heterodimeric transporter exchanging extracellular cystine 
for intracellular glutamate (Figure 1).  
• System xc- is part of the SLC7 family, which contains cationic amino acid 
transporters (CATs) and L-type amino acid transporters (LATs, like our transporter).
• X-ray crystallography studies of bacterial homologs of the SLC7 transporter family 
have advanced our understanding of the structure of CATs and LATs. This informs 
our hypotheses regarding the mechanism of xCT mediated transport.
• Past research in the Chase lab demonstrated that system xc- is a Cl- -dependent 
transporter that transports cystine and glutamate in their anionic forms
• This substrate specificity is novel among the SLC7 transporters.  The goal of this 
study is to identify the amino acids within xCT important for Cl- binding, substrate 
binding and exchange.  
Relevant residues in the Cystine and Glutamate 
Binding Sites
Future Plans
• Glutamate can adopt several low energy state confirmations, therefore, we will test the
hypothesis that glutamate, in a different conformational state, will bind to the same site as
cystine.
• We will use site directed mutagenesis to determine if mutageneis of the residues
surrounding of the proposed cystine and glutamate bindings sites will alter transport activity
in a predictable manner.
• We will look to identify important salt bridges throughout the xCT structure that may stabilize
the structure. Ultimately, we will use site directed mutagenesis to test the hypothesis that
pH alters System xc- function by directly impacting salt bridge formation.
• We will begin to identify potential sites of chloride binding within the structure of xCT,
realizing that chloride may be an important prat of salt bridges that stabilize one
conformational state of xCT to improve transport efficiency.
Figure 5. Cystine was docked in the most energetically favorable position on xCT using a combination of Chimera 1.13.1 and 
PyRx.  The docking is represented as mesh models (A,C) and as a ribbon model (B).
Figure 7. The above figure depicts docking of cystine (A) and glutamate (B) in their respective
binding sites. Cystine and glutamate were docked on xCT using both Chimera 1.13.1 and Pyrx.
Residues near the binding sites are displayed near the substrates.
Acknowledgements
• The binding pocket(s) for cystine and glutamate are likely to affected by pH. As the pH
increases between 7 and 9, there is a doubling of transport activity. This may relate to a
protein conformational state change associated with the increase in pH
• We cannot assume that cystine is being transported in the anionic form, as glutamate
transport is similarly affected by pH despite the fact that the relative fraction of anionic
glutamate decreases as the pH increases.
• Chloride may also be important in changing the conformational state of xCT to favor
transport
• Give that chloride is better at augmenting cystine transport at pH 7.5 vs. 6 suggests that
• When modeled in their lowest energy state, cystine and glutamate preferentially bind to
different sites on xCT. Cystine binds in the predicted cavity in the center of the protein, likely
permitting access to both sides of the membrane. Glutamate preferentially binds to a site
closer to the intracellular surface.
Figure 1. System xc- is an obligate cystine/glutamate exchanger expressed 
primarily on glial cells, ependymal cells, fibroblasts and macrophages.
A B
The most energetically favorable site for glutamate 
binding is distinct from the cystine binding site.
Figure 6. Glutamate was docked in the most
energetically favorable position in xCT using a
combination of Chimera 1.13.1 and PyRx. These
images were captured after viewing the structure
in Pymol. This figure depicts the docking with
“mesh” models (A, C) and as a ribbon model (B).
This may represent a unique binding site from
cystine. Future work will focus on docking
glutamate in a confirmation that mimics cystine.
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Figure 2. The distribution of three of the ionization states of cystine and glutamate
as a function of pH and the effect of pH on glutamate and cystine transport. A.
The ionization states of cystine (top) and glutamate (below) above pH 6 are shown with
their respective pKs. B. Using the Hendersson-Hasselbach equation (pH = pK + log
[Base]/[Acid]), the fraction of each form of cystine at each pH was calculated. The pKs
for the loss of the amino protons are 8 and 10.25, respectively. The anionic form of
cystine is shown in red. As the pH increases from 6-9, the fraction of the anionic form of
cystine increases. For comparison, the change in concentration for the anionic form of
glutamate is shown in black. The pK for the loss of the amino proton is 9.67, while the
pKs for the carboxyl groups are 4.25 (side chain) and 2.19 (main chain). C. The pH
dependence of 35S-cystine and 3H-glutamate transport.
Important Notes:
• As the pH increases from 6-8 the fraction of cystine observed in the anionic form is
expected to increase from nearly 0 to almost 50%. This is associated with a 3-fold
increase in cystine transport.
• As the pH increase from 6-8, the fraction of glutamate observed in the anionic form
does not change, yet there is a nearly 2-fold increase in transporter activity
• The pH dependence of cystine transport was previously used as evidence to suggest
that cystine is transported in the anionic form.
• The fact that glutamate uptake is also pH dependent suggests that there may be an
alternative explanation for these data
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Figure 3. Cystine transport is chloride dependent. A. Two
minute 35S-L-cystine (20-400 µM) uptake assays were completed in
starved U138MG cells as previously indicated in the presence and
absence of 0.5 mM CPG. The mean of 3 experiments is shown
above ± SE. The data were fit to a standard hyperbolic function
giving values for Km and Vmax. For all concentrations of extracellular chloride, the Vmax was between 132 and 142 pmols/ mg
protein). The Km of cystine decreased as the concentration of extracellular chloride increased (see inset). These data suggest
that chloride binds to the transporter before cystine, thus increasing the affinity of the transporter for the substrate. B.
35S-L-Cystine uptake assays were completed as previously described. The mean of 3 experiments ± SE are plotted and fit with
a Hill function. The values for Km, Vmax and n are given in Table 1 above. These data suggest that 2 chloride ions are
required for System xc– transport activity.
Previous Results:  Cystine Transport by System xc– is dependent on 
extracellular chloride concentration
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Figure 4. A.  Effect of pH on cystine Km. Two minute 35S-L-cystine (100 µM) uptake assays were completed in starved 
U138MG cells in Na+-free PBS containing 140 mM Cl-.  Specific transport was determined using S-CPG.  The mean of 3  
experiments and standard deviation are shown above.  As the pH increases to 7.5 the Vmax increases slightly and the 
Km decreases 3-fold. B.  Effect of pH on Chloride activation of cystine transport. Two minute 35S-L-cystine (100 µM) 
uptake assays were completed in starved U138MG cells at pH 6 and 7.5  in the presence and absence of 0.5 mM CPG.   
The concentration of chloride was varied from 0 to 140 mM. At pH 6, there is very little activation of the transporter by 
Cl-, suggesting Cl– does not bind as well to the transporter at low pH. At pH 7.5, chloride is a much better activator 
of cystine transport, suggesting chloride binds better to the transporter.  
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